In this study we show that vaccinia virus replication can be sensitive or resistant to interferon (IFN) in the same strain of mouse L cells. When IFN-treated L cells were maintained in suspension culture, infection led to a rapid inhibition of both viral and cellular protein synthesis together with breakdown of viral RNA and of rRNA. When IFN-treated L cells were maintained in monolayer culture, infection did not lead to significant inhibition of viral protein or RNA synthesis and breakdown of viral or of rRNA was not observed. The resistance of vaccinia virus replication to IFN was not dependent on the input multiplicity or state of growth of the cells (actively dividing or resting). Qualitative and quantitative differences in viral transcription and translation were observed between the two virus-cell systems. Our findings are consistent with the hypothesis that the sensitivity or resistance of vaccinia virus to IFN is mediated by specific viral products that act as activators or selective inhibitors of, at least, the dsRNA-dependent ppp(A2'p)nA synthetase/RNase system.
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SUMMARY
In this study we show that vaccinia virus replication can be sensitive or resistant to interferon (IFN) in the same strain of mouse L cells. When IFN-treated L cells were maintained in suspension culture, infection led to a rapid inhibition of both viral and cellular protein synthesis together with breakdown of viral RNA and of rRNA. When IFN-treated L cells were maintained in monolayer culture, infection did not lead to significant inhibition of viral protein or RNA synthesis and breakdown of viral or of rRNA was not observed. The resistance of vaccinia virus replication to IFN was not dependent on the input multiplicity or state of growth of the cells (actively dividing or resting). Qualitative and quantitative differences in viral transcription and translation were observed between the two virus-cell systems. Our findings are consistent with the hypothesis that the sensitivity or resistance of vaccinia virus to IFN is mediated by specific viral products that act as activators or selective inhibitors of, at least, the dsRNA-dependent ppp(A2'p)nA synthetase/RNase system. Vaccinia virus replication is very sensitive to interferon (IFN) in some strains of mouse L cells, both viral and cellular protein synthesis being rapidly inhibited following infection (Metz & Esteban, 1972; Esteban et al., 1984; Goswami & Sharma, 1984) . This general inhibition of translation correlates with activation of the ppp(A2'p)nA (2-5A)-dependent RNase which cleaves both viral and cellular RNAs Benavente et al., 1984; Goswami & Sharma, 1984) . In contrast, vaccinia virus replication is relatively resistant to IFN in other cell lines (Paez & Esteban, 1984a; . In the IFN-resistant virus-cell systems, high levels of 2-5A are produced late in infection but fail to activate the 2-5A-dependent RNase . A virus-mediated ATPase and phosphatase have been associated with alterations of the 2-5A system (Paez & Esteban, 1984b) . The resistance of vaccinia virus replication to IFN also correlates with a virus-mediated inactivation of the dsRNA-dependent protein kinase, as measured in cell extracts (Whitaker-Dowling & Youngner, 1983 Paez & Esteban, 1984a; . The above findings suggested that vaccinia virus produces specific inhibitor(s) in some IFN-treated infected cells but not in others. The question then arises of how vaccinia virus can be either sensitive or resistant to IFN. This might be explained as being due to variations in virus transcription and/or translation in different cell systems. In this report we show that in a specific strain of mouse L cells, vaccinia virus replication can be either sensitive or resistant to IFN, and that this differential behaviour occurs together with alterations in the pattern of virus transcription and translation.
The strain of mouse L cells was the same as previously described (Metz & Esteban, 1972) and was originally obtained from Dr N. B. Finter (Wellcome Research Laboratories, Beckenham, U.K.). Vaccinia virus, strain WR, was propagated in and purified from HeLa $3 cells; the particle to p.f.u, ratio was approximately 50:1 when titrated on monolayer cultures of monkey kidney cells (BSC-40). Virus-induced mouse IFN (containing 15% c~ and 85%/J species) was 0000-6817 © 1986 SGM Short communication prepared and partially purified on an antibody affinity column to a specific activity of 6 × 10 v units/rag. Titrations were carried out in mouse L cells with vesicular stomatitis virus (VSV) as a challenge virus against a mouse IFN standard (G002-905t 1) from the Antiviral Substances Program, NIH. Titres are expressed in international reference units (IU). Cells in suspension were treated with IFN (50 to 500 IU/ml) at 1.5 × 106 cells/ml in Dulbecco's medium plus 10~ newborn calf serum (NCS) for 4 h at 37 °C. The cultures were then diluted with an equal volume of medium and incubation was continued for 14 h. Control cells were similarly treated but with the omission of IFN. After IFN treatment cells were harvested, resuspended in spinner culture at 1 × 107 cells/ml in Dulbecco's medium containing 1 ~ foetal calf serum and infected with 500 particles/cell of purified vaccinia virus. Infection was allowed to continue and was aided by continuous stirring, After an adsorption period of 30 min, the cells were diluted to 1 × 106 per ml in Dulbecco's medium plus 2~o NCS. Infection of cells in monolayer was as follows. Cells were infected with 1000 particles/cell in Dulbecco's medium in the absence of serum. At the end of the adsorption period of 30 rain, the cells were washed and fresh medium plus 2~ NCS was added. The time of virus addition to cells in suspension or in monolayer is designated as the zero time of infection. Using the same input multiplicity of [3H]thymidine-labelled virus, we determined that the amount of cell-associated virus was about twofold higher in infected suspension cultures than in infected monolayer cultures.
When suspension cultures of untreated and IFN-treated mouse L cells are plated for several hours on tissue culture dishes, the cells form a monolayer. After virus infection they exhibited a characteristic and similar virus-mediated cell rounding with or without IFN treatment ( Fig. 1) . However, the behaviour of these cells as regards the synthesis of viral proteins differed dramatically. Fig. 1 shows the result of one such experiment where the radioactivity incorporated into acid-insoluble material (expressed as percent radioactive protein in uninfected cells) as well as the polypeptide pattern from untreated and IFN-treated infected cells in ~tispension and in monolayer culture is represented. The most striking observation Was the marked inhibition of translation that developed rapidly in IFN-treated infected celis in suspension: However~ this inhibition of protein synthesis was greatly reduced in IFN~treated, infected cells maintained as monolayer cultures. Analysis of the polypeptides by sDS-PAGE showed that both viral and cellular protein synthesis were severely inhibited in IFN-treated, infected ceils in suspension whereas viral protein synthesis was only slightly inhibited by IFN in cells maintained as monolayers. The extent of viral polypeptide synthesis is clearly distinct between these two virus-ceU systems.
Variability in the sensitivity of vaccinia virus replication to IFN in the same strain of mouse L cells could be influenced by the input m.o.i, or state of growth of the cells. As shown in Fig. 1 , a fourfold increase in virus multiplicity did not change the polypeptide pattern of cells infected in monolayer culture nor did it significantly increase the extent of inhibition of virus protein synthesis by IFN. Further, this differential behaviour on translation cannot be explained by a reduction in virus penetration, since no significant differences were obtained between the two systems when the amount of [3H]thymidine-labelled virions that adsorb to, penetrate and uncoat within infected cells was measured by sucrose gradients ; data not shown). Another possibility examined was whether the ceils' growth state (actively dividing or resting) influenced the degree of sensitivity of vaccinia virus to IFN. We found that virus infection was not able to cause inhibition of translation when monolayer cells were maintained in either subconfluent or confluent cultures. A similar effect was observed when suspension cultures were grown at low or high density and then plated as monolayer cultures. However, if suspension cultures (at either low or high density) were infected with vaccinia virus and then plated, the cells attached readily to the substrate, remained rounded and IFN inhibited virus translation in these cells to the same extent as seen in Fig. 1 . We conclude that neither the input multiplicity nor the state of growth of the cells played a major role in controlling an IFNmediated block on translation.
The results suggested instead that vaccinia virus products might cause differential alterations of the IFN system in cells in suspension and monolayer cultures. This possibility was examined using an inhibitor of virus transcription, actinomycin D (ACD), which at high concentration RNA was prepared at 3 h post-infection, and run on 1.8~ agarose gel as previously described (Silverman et al., 1982; Esteban et al., 1984) . The nature of the rRNA cleavage products was identified by ethidium bromide staining and by hybridization to cloned 18S and 28S ribosomal DNA . Control experiments showed that addition of 1 gN of 2-5A triphosphate trimer to infected ceils during the preparation of cell extracts had no effect on activation of the 2-5A-dependent RNase, as measured by rRNA cleavage assay.
blocks transcription of vaccinia virus (Bablanian et al., 1981) . Thus, A C D was added at various times post-infection to IFN-treated, infected L cells in suspension or in monolayer cultures, cytoplasmic R N A was prepared at 3 h post-infection and as an index of activation of the 2 -5 Adependent RNase, the extent of r R N A cleavage was measured by agarose gel electrophoresis. As shown in Fig. 2(a) , extensive cleavage of r R N A was observed when A C D was added at 15 rain (lane 2), 30 min (lane 3) or 60 rain (lane 4). However, cleavage of r R N A was blocked when A C D was added at zero time (lane 1). In contrast, cleavage of r R N A was not observed in I F Ntreated, infected cells in monolayer culture whether or not transcription of vaccinia virus was impaired with A C D (Fig. 2 b) . These findings provide evidence that vaccinia virus infection can cause different effects on at least one component of the I F N system (i.e. 2-5A-dependent RNase). In IFN-treated, infected cells in suspension, cleavage of r R N A is most probably mediated by early viral R N A since blocking virus transcription after the 15th min of infection induces r R N A cleavage, similar to the effect seen when protein synthesi s was inhibited with cycloheximide at zero time . Variability in sensitivity or resistance of vaccinia virus to I F N could be explained if virus functions were regulated differently in the two systems. Therefore, we compared various parameters of vaccina virus gene expression in these cultures. The extent of viral transcription, the abundance and size of viral R N A s and the biological function of these R N A s was measured by Southern blots, dot blots, Northern blots and by cell-free translation.
For Southern blots, 32p-labelled early and late classes of cytoplasmic R N A were extracted from untreated and IFN-treated, infected cells and hybridized to E c o R I restriction fragments of vaccinia virus DNA (Fig. 3a) . Early viral RNAs were obtained at 2 h post-infection (lanes 1, 2, 5, 6) while late RNAs were those obtained at 4 h post-infection (lanes 3, 4, 7, 8) . When the viral RNAs were examined in the two systems, two vaccinia DNA EcoRI restriction fragments of mol. wt. 5-4 x 106 and 2.2 x l06 (denoted by arrows) were transcribed in monolayer cultures, but poorly or not at all in cells in suspension. IFN did not alter significantly the pattern of hybridization of viral RNAs from infected cells in suspension or in monolayers.
The effect of IFN on the relative abundance and size of viral RNAs was measured by dot blot and Northern blot hybridization analysis (Fig. 3 b) . Total RNA was isolated at 4 h post-infection and hybridized to nick-translated 9 kb terminal fragments of vaccinia DNA. As observed in the dot blot IFN had no effect on the extent of transcription of vaccinia virus in infected cells in monolayer culture, but caused a marked reduction of virus RNA synthesis in infected ceils in suspension. As a control for these experiments we used a virus known to be sensitive to IFN. RNA was extracted from IFN-treated VSV-infected mouse cells at 4 h post-infection and hybridized to a nick-translated recombinant cloned VSV-G gene, to show that VSV RNA synthesis was impaired by low doses of IFN. Fig. 3 (b) also shows an autoradiogram of a Northern blot corresponding to transcripts from the 5 kb vaccinia virus DNA HindIII fragment J. In virus-infected cells in suspension culture, discrete species of viral RNAs are found and IFN reduces the amount of these RNAs as reported earlier . In contrast, in infected cells in monolayer culture, the viral RNAs were heterogeneous in size, apparently as a result of improper termination (Weir & Moss, 1984) , and IFN had no effect on the size and abundance of these RNAs. Similar findings were obtained when other HindIII fragments of the viral genome were examined by Northern blots (not shown).
The biological activity of the viral RNAs present at 3 h post-infection in untreated and IFNtreated infected cells in suspension and in monolayer cultures was measured in a cell-free protein-synthesizing system. An SDS-PAGE analysis of total cell-free products and their immunoprecipitates using polyclonal vaccinia antiserum is shown in Fig. 3 (c) . Clear differences in pattern and in the relative amount of polypeptide were observed with the two systems. Using the same amount of RNA, more polypeptides were synthesized in the cell-free system in response to RNA from infected cells in monolayer than in response to RNA from infected cells in suspension. We conclude that there are distinct changes in transcription and translation of vaccinia virus in IFN-treated infected mouse L cells in suspension compared to monolayer cultures.
In this study, we show that the phenomenon of sensitivity or resistance of vaccinia virus replication to IFN can be dissociated within the same strain of virus-infected mouse L cells. Sensitivity of vaccinia virus replication to IFN was observed after infection of cells in suspension, whereas if infection was carried out in monolayer cultures the virus was resistant to IFN. This appears to be a unique property of this virus-cell system, since in other IFN-treated mouse or human cells in suspension, vaccinia virus infection is resistant to IFN (Paez & Esteban, 1984a; .
A general characteristic found to be associated with the phenomenon of sensitivity of vaccinia virus replication to IFN was the activation of the dsRNA-dependent 2 5A synthetase/RNase system ( Fig. 2 and 3) . We provided evidence that the activator of the 2-5A system is likely to be an early viral RNA. Addition of ACD after 15 min of virus infection to IFN-treated cells did not prevent rRNA cleavage, but if ACD was added at the time of virus infection to block viral transcription (Bablanian et al., 1981) , then cleavage of rRNA was prevented (Fig. 2a) . This virus-induced rRNA cleavage was not observed in IFN-treated, infected cells in monolayer (Fig. 2b) in spite of the high levels of virus gene expression ( Fig. 1 and 3 ). This suggests that either the activator of the 2-5A system was not synthesized early in infection or, more likely, that the activator was synthesized but the 2 5A system was made inactive by other viral products, suggesting differences in virus gene expression in the two virus-cell systems.
Comparisons of the extent of transcription of vaccinia virus between IFN-treated, infected cells in suspension or in monolayer showed that similar regions of the viral genome were transcribed in the two systems (Fig. 3) . However, qualitative and quantitative differences wer e observed. Some viral RNAs were transcribed in infected cells in monolayer cultures but poorl~¢ 
